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Method and Apparatus for Forming a Hole or Slot in Powder Metal Components 



CROSS-REFERENCE TO RELATED APPLICATION 

[0001] This application claims the benefit of U.S. Provisional Application No. 

60/477,264 filed June 10, 2003. / ( 

STATEMENT CONCERNING FEDERALLY SPONSORED 
RESEARCH OR DEVELOPMENT 

[00021 Not applicable. 

FIELD OF THE INVENTION 
[0003] This invention relates to powder metal (PM) components, and in particular to 
forming holes and slots that extend through a wall of a powder metal component. 

BACKGROUND OF THE INVENTION 
[0004] Figs, la-c illustrate examples of prior art powder metal components having holes 
formed in directions orthogonal to the direction of pressing. Typically, but not always, the 
direction of pressing is vertical. Therefore, the holes in Figs, la-c would be running with their 
axes horizontal when being vertically pressed. The use of "vertical" and ''horizontal" as used 
herein is not intended as limiting in orientation, only to communicate that the two directions are 
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orthogonal to one another, or that "horizontal" is orthogonal to the direction of pressing, 
regardless of whether the direction of pressing is aligned with the direction of gravity or not. 

[0005] Component 10 in Fig. la, component 15 in Fig. 1(b) and component 20 in Fig. lc 
represent three of many possible configurations of metal components where the final component 
requirements dictate the necessity of horizontal holes or slots through the part. In prior methods 
of producing a powder metal component, the requirement for horizontal holes or slots required 
additional processes to form the hole or slot. Common prior methods of providing horizontal 
holes or slots in powder metal components added additional manufacturing processes, known as 
secondary manufacturing processes, to form the holes or slots. These additional manufacturing 
processes included drilling, punch piercing or cutting by milling, heat deformation cutting, 
plasma cutting or other hole or slot forming metal removal processes. 

[0006]' There are several disadvantages to the previous processes of hole or slot creation 
in powder metal components. These include the additional capital equipment and expenditure 
required for the additional manufacturing step, the additional time required for completing the 
added manufacturing step, the added risk one or more holes or slots are missed in being created 
during the secondary process, the additional handling and storage required in the secondary 
-preeesseSf-ttie-serap-that -is* ^^reated-ftom-the- seeenda^^Feeesse^ ^d-the^dtoienal- labor and 
maintenance costs involved with the secondary processes. 

[0007] The cost of the additional processes required to produce the holes or slots often 
would make the powder metal process for forming the part cost prohibitive. The parts might not 
even be quoted due to the necessity of these features. Unfortunately this resulted in the loss of 
many of the advantages of components being produced by the powder metal process, such as the 
ability to produce complex shapes with close tolerances. 
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SUMMARY OF THE INVENTION 

[0008] In the present invention the powder metal component is compacted in a pressing 
direction and a combination of die and other tooling members interact in a fashion during the 
pressing cycle to form holes or slots in the compacted component that run through a wall of the 
component in a direction that is orthogonal to the pressing direction. With the horizontal holes 
or slots being formed during the pressing motion, the need for other hole or slot forming 
manufacturing processes can be eliminated. 

[0009] Such openings are formed by creating an absence of powder metal in a die set 
during compaction at an interface between side surfaces of the tooling members in substantially 
close proximity to create the absence of powder metal at the interface.^ 

[0010] The foregoing and other objects and advantages of the invention will appear in the 
detailed description which follows. In the description, reference is made to the accompanying 
drawings which illustrate a preferred embodiment of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] Fig. la is a perspective view of a prior art powder metal component having a slot 
that runs through end walls of the component orthogonal to the direction of pressing; 

— [OOl^HFig; 44>-4s-a-b©tt0m ^erspeeti^ 
having holes through a wall of the component that run orthogonal to the direction of pressing; 

[0013] Fig. lc is a view like Fig. 2 of a different powder metal component having holes 
through a wall of the component that run orthogonal to the direction of pressing; 

[0014] Fig. 2a is a perspective view of the component of Fig. la redesigned to 
incorporate the invention; 

[0015] Fig. 2b is a bottom perspective view of the component of Fig. lb redesigned to 
incorporate the invention; 
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[0016] Fig. 2c is a top perspective view of the component of Fig, lc redesigned to 
incorporate the invention; 

[0017] Fig. 2d is a top perspective view of the component of Fig. lc redesigned to 
incorporate the invention; 

[0018] Figs. 3a-d are perspective views of tooling for forming the powder metal 
component of Fig. 2a; and 

[0019] Fig. 4 is a view like Fig. 2a illustrating which areas of the component are formed 
by which areas of the tooling. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0020] In accordance with the present invention the horizontal holes or slots are created 
during the pressing cycle. As shown in Fig. 2b through 2d the new process is applicable to the 
manufacture of complex components 30 and 35 having holes 51 that extend axially through 
peripheral walls 32. The process is illustrated in Figs. 3a-d being performed to make a simple 
component 25 as illustrated Figs. 2a and 4, forming a simple horizontal slot 42 that that meets 
slots 26 and 27 at respective holes 28 and 29 in the respective end walls 44 and 46 of the 
component 25. 

- - ~[002*hAs^€wn4n^^ 

invention using a powder compaction tooling die set that includes a die 101, upper tooling 
members 221 and 231, and lower tooling members 351, 361 and 371. The upper and lower 
tooling members may also be referred to as punches. The die 101 and tooling members 221, 
351, 361 and 371 are moved by mechanical, hydraulic or other means of power when installed in 
a powder metal compacting press. 
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[0022] The starting position is shown in Fig. 3(a). In this position, the die 101 is aligned 
with the lower tooling members 351, 361, and 371 and the lower tooling members 351, 361, and 
371 all have their upper surfaces level with one another. 

[0023] The second step, shown in Fig 3b, is moving the tooling members 351, 361, and 
371 relative to one another (and relative to the die 101 if necessary) to form a cavity 381 that 
forms the lower and outside surfaces of the component 25. This may occur by moving the 
punches 351, 361, and 371 down and/or moving the die 101 up. The upper and inside surfaces 
of the component 25 are formed by the lower ends of the punches 221 and 231, which also are 
slidable axially relative to one another. 

[0024] Next, in Fig. 3c, the third step is to fill the resulting cavity 381 with powder metal. 

■ -& - 

[0025] The fourth step, Fig. 3d, is to bring the tooling members 221 and 231 into the die 

101 cavity 381 to begin compacting the powder from the top side, at the same time the tooling 

members 351, 361 and 371 will move relative to the die 101 compacting the powder from the 

bottom side, or from a different perspective the punches are moving toward each other 

compacting the powder between them contained in the cavity 381 by the die 101 . 

[0026] The fifth step is to continue moving the punches toward each other until the 
• teelittg-member23 l^asses^toolmg-iiiembeF~36lT In-#us-pr©eess-pewder-is'-bemg- eompaetecHar 
four distinct zones. These zones, shown in Fig. 4, are as follows: zone 392 between tooling 
member 221 and tooling member 361; zone 394 between tooling member 231 and tooling 
member 351; zone 396 between tooling member 231 and tooling member 361; and zone 398 
between tooling member 221 and tooling member 371. 

[0027] Step six is for the tooling members 221 and 231 to move upward relative to and 
away from the lower tooling components 101, 351, 361 and 371. 
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[0028] The final step is for the remaining tooling, die 101 and tooling members 351, 361 
and 371 to move relative to each other back to the starting position all level with each other as in 
Fig 3(a), which ejects the compacted component 25. 

[0029] Creation of the horizontal holes or slots occurred in the fourth and fifth step when 
the outer side surfaces 223 of the tooling member 221 passed by the inner side surfaces 353 of 
the tooling member* 351 in close proximity, close enough to substantially evacuate any powder 
metal material that was against the surfaces 353 from the interface between the surfaces 223 and 
353, and left the interface between the facing side faces of the two punches substantially free of 
powder. This area, having substantially no powder, but with powder being compacted above and 
to the sides of tooling member 351 and below tooling member 221, results in the slot 42 meeting 
the slots 26 and 27 with a void of material at the junction between the slot 42 and the slots 26 
and 27, thereby creating holes 28 and 29 through the respective walls 44 and 46 of the 
component 25. 

[0030] It is noted that the punches 361 and 371 are made as two separate pieces because 
the thickness of zone 398 is significantly different than the thickness of zone 392. Making the 
punches in two pieces enables filling the die in the area of the zone 398 uniformly with less 
powdeinnetal^ateriaHhan-fee area-aftiae-zones-392-. H^fee^d^f-the-cCTnpaetion-proeess-of 
the final compact 25, however, the top of punch 371 is brought up to the level of the punch 361, 
since the component 25 is flat on the bottom. 

[0031] The components 30 and 35 in Figs. 2b-d illustrate other components that 
incorporate the invention. In those components, for each hole 51, one slot 53 is formed during 
compaction that opens in one direction (upwardly as viewed in Figs. 2b and 2d) and a connecting 
slot 55 is formed that opens 180° opposite (downwardly as viewed in Figs. 2b and 2d) from the 
direction the slot 43 opens. Each hole 51 is created by the substantial absence of powder 
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material in the die cavity at the interface between the side surfaces of the two punches that form 
the respective slots 53 and 55. Since the component 35 has a flange 57, the inner slots 55 are 
formed by a punch that creates holes 59 (Fig. 2c) in the flange 57. 

[0032] Preferred embodiments of the invention have been described in considerable 
detail. Many modifications and variations to the preferred embodiments described will be 
apparent to a person of ordinary skill in the art. For example, the powder metal components may 
have multiple holes or slots or many levels of complexity with additional holes also in the 
vertical direction intersecting those created in the horizontal direction. Therefore, the invention 
should not be limited to the embodiments described. 



